Introduction
As global populations are projected to rise (Cleland and Machiyama 2017) , the challenge of feeding the world takes centre stage (Sustainable Development Goals 2017) . It is incumbent on the international community to focus on much narrower objectives to achieve this daunting target. For example, crop losses due to pests, diseases and weeds, whose effects have been shown to reduce agricultural productivity by up to 40% worldwide (Oerke 2006; War et al. 2016) , is an issue that causes many food insecurity challenges. While industrial food systems involving major commercial farms continually develop comprehensive innovations to reduce pest, disease and weed impacts, they represent only a small proportion of food systems in lower income countries. Up to 500 million smallholder farms supply food to over 2 billion people in Africa and Asia (International Fund for Agricultural Development 2013). They are usually located in isolated rural areas, and unlike large scale commercial enterprises, are not embedded in sophisticated knowledge systems that inform them of the latest knowledge and innovations. Therefore, any serious national efforts to reduce pests, disease and weeds' impacts must take communication with smallholder agriculture into consideration.
Rural advisory services (RAS) provide information and support to rural populations on a range of different social, economic and environmental subjects (adapted from Leeuwis and van den Ban 2004; Peterman et al. 2011 ; Global Forum of Rural Advisory Services 2016), including how to reduce crop losses and consequently increase household income. These services are carried out through field visits; organised group meetings; demonstration plots and increasingly the use of information communication technologies using mass media communications. In the context of crop health, the extension worker is crucial in the information delivery pathway (Rivera 2011) . Indeed, advisory services are sometimes solely defined by the presence of agricultural extension agents, and are usually considered the main, or only, pathway to information for the majority of rural households (Anaeto et al. 2012) . Traditionally designed to provide information on plant health management (Jones and Garforth 1997) , the role of the agricultural extension officer is nevertheless evolving.
Agricultural information needs have increased in complexity recently because of a greater awareness by the farmer of the range of issues to consider, and an increase in communications channels to utilise (Rossi et al. 2012) . For example, farmers around the world want to know for their location where to get the best seeds or the latest varieties; which agricultural inputs to use; what the weather forecast is for the next few weeks; what are the diseases and pests affecting their crops; and where should they sell their products for the best price. Each question may require inputs from, and be supplied by, different sets of institutional actors that have access to the relevant information, and may use different communication channels. The traditional role of the extension officer may not be able to satisfy these evolving and complex demands in the field at present. Moreover, agricultural extension officers are increasingly being used for other field related activities, such as census-taking or human health campaigns (Anaeto et al. 2012) , which can further add to their demanding roles, and can reduce morale (Rivera 2011) .
Therefore, to cope with farmers' complex needs and within a climate of reduced public expenditures in RAS, the set of institutional and organisational actors that compose RAS at both national and local levels has evolved dramatically in the last few decades (Rivera 2011) . What was traditionally a public organisational activity around the world now regularly includes the private sector, civil society and community-led enterprise (Sutherland et al. 2013) . In order to provide a more comprehensive picture of the knowledge pathways that undoubtedly improves service quality, studies of RAS systems need to consider a variety of local and national stakeholders due to country systems' heterogeneity (Schrempf et al. 2013) . Moreover, analyses must consider the interactions between these stakeholders, to identify gaps and opportunities to improve efficiency (Spielman et al. 2009 ).
This paper aims to visualise, quantify and analyse multisectoral interactions between various layers of administrations, agencies and institutions in the crop health advisory system in a decentralised nation model. In doing so, the paper suggests a novel approach to represent local and national perceptions of a rural advisory service. This approach (built upon Kania et al. 2014 and Fanzo et al. 2015) can enable analyses to understand intuitive and counter-intuitive complexities of decentralisation in different knowledge systems, both federally and locally.
In order to test this approach, it was important to use a decentralised country (at least regarding crop health) with a strong network of local and federal actors already in place. The following section outlines the rationale behind using Pakistan as a test country, not only due to its decentralised status, strong crop health system, but also its present status in CABI's Plantwise programme (www.plantwise.org). This initiative is focused on the development of a touchpoint mechanism to increase farmer knowledge, but is supported by its activities centred around its sustainable integration into crop health RAS (Danielsen and Matsiko 2016) . Testing the approach according to its enterprise would make an interesting case study.
Institutionally and economically, using Pakistan as a case study would offer some interesting insights. Firstly, agriculture accounts for 21% of the Gross Domestic Product (GDP) and raises 80% of the country's total export earnings. In Punjab alone, 68 million people are located in a rural setting and engaged in some form of rural activity, and RAS are a vital component of the country's economic, social and political well-being (FAO 2015) . Secondly, with a newly reorganised extension system due to the 18th Constitutional Amendment passed by the Parliament in 2010, organisational procedures and mandates are occasionally unclear (Khan 2015) . The federal Ministry of National Food Security and Research (MNFSR) remains the primary agricultural authority in the land for plant health activities, and the social science, extension and marketing wing of the Pakistan Agricultural Research Council (PARC) oversees public rural advisory services. Provinces and districts are given increased autonomy to plan, develop and execute their own crop health projects (Shahbaz and Ata 2014; Ali et al. 2011 ) and perform monitoring, detection and communications activities (Department of Agricultural Extension Punjab 2016). Thirdly and finally, discussions between and within public, private and non-governmental stakeholders on the collaborative approaches to knowledge delivery have traditionally been identified as a weak spot in the country's past activities in agriculture (Davidson et al. 2001; Looney 1999; Chauhan 2014) . Indeed, whilst RAS are a public sector activity that engage with many different actors, access to agricultural information is low, and even more so for women in rural households (Hassan et al. 2007; Chauhan 2014; Lamontagne-Godwin et al. 2018 ). An analysis of local and national perceptions of Pakistan's crop health advisory services system would allow Pakistani decision makers to understand how local or national actors visualise RAS, it would also underline strengths, weaknesses and key interactions in their decentralised economy
The approach conducts this pilot through the lens of the Plantwise programme (Plantwise 2015) . Since 2011, this initiative has focused on improving the transfer of knowledge between extension agents and farmers on crop pests, diseases and weeds in over 30 countries. It focuses on training local extension officers to hold weekly field clinics called 'plant clinics'. These are set up in convenient locations for farmers to bring affected samples of their crop and receive symptom-based diagnoses and recommendations on how to prevent, monitor and control the problem. This in turn helps public rural advisory services focus their research and development efforts on topical problems (Finegold et al. 2015) , critique their own strengths and deficiencies (Mur et al. 2015) , and ensures extension workers get more inclusive access to farmers with crop health problems (Lamontagne-Godwin et al. 2017) . In Pakistan, Plantwise has registered over 100,000 queries from farmers in its 500+ clinics since 2011, and has buy-in from federal and provincial (Sindh and Punjab) authorities. Its wide-ranging activities on targeted crop health problems and overall systems' development is particularly important considering the administrative and political calls for change in this sector (Ul-Haq et al. 2014) . However, as with any programme, the question of the programme's long-term sustainability remains. From a practical perspective, this study's results can help Plantwise better understand a country's perception of the crop health advisory services, its integration into the perceived system, and thereby increase the likelihood of programme sustainability in the federal echelons of the country. It can also serve as a vital lesson for other country programmes (and possibly other external initiatives) at various stages of their national integration and sustainability journeys. Moreover, utilising Plantwise as a case study helps the approach focus on the subtle differences between local and national perceptions of the crop health RAS.
The paper firstly discusses the combination and justification of the methodologies used in this approach. The study then focuses on the results obtained at local and national workshops, and analyses sectoral responses. Finally, the authors discuss the use of this novel approach to not only highlight key points pertaining to decentralisation in theory and in Pakistan, but also to identify an initiative's place and durability in a system.
Methods
The study was conducted over the period of June 2014 to June 2015 in the Punjab province of Pakistan. It used desk reviews and informal discussions with key individuals lasting between 30 and 60 min to identify and invite key stakeholders to workshops in July and October 2015 in Jhang and Bahawalpur districts. These districts were selected for the study because of their comparable agro-climatic, economic, agricultural and infrastructural profiles.
Jhang and Bahawalpur districts were chosen for a variety of reasons. The two districts are part of a wider study on the gendered impact of the Plantwise programme (www.plantwise.org) at the institutional and individual level, Jhang being the control site and Bahawalpur the test site (Lamontagne-Godwin et al. 2018) . Bahawalpur was chosen specifically because it is the oldest running Plantwise programme district in Pakistan, and gives the wider study the best chance to understand the programme's integration in Pakistani RAS.
Both districts have a similar population size, density, and proportion of urban to rural population (Pakistan Bureau of Statistics 2019). From a socio-economic perspective, both districts have a similar incidence of food poverty in farming households (31% and 35% respectively (Qureshi and Arif 2001 ), and at the household level, have similar family sizes, and percentage of illiteracy (Amjad et al. 2008) .
Local focus groups were composed of public sector staff, while the national workshop had a wide range of stakeholders present (Table 1) . Unfortunately, organisations chose to invite male participants for the national workshop and many female agricultural officers were in the field during wheat quota inspections for the local focus group discussions. The authors did not achieve the attempted gender balance in the study. Two women, an agricultural extension agent working for the Provincial Directorate of Extension and Adaptive Research (PDEAR), and an assistant district director for the Provincial Directorate of Pest Warning (PDPW), attended the Jhang local workshop, meaning that results cannot disaggregate the data quantitatively, but attempt a qualitative assessment. In order to be comparable, local and national activities followed the same process. Focus groups workshops were held in the executive district offices in both Jhang and Bahawalpur. They lasted approximately 3 h each. The session was divided into three sections: (a) identify key stakeholders and their roles in the rural advisory services related to crop health; (b) identify their interests and influences in the system; and (c) map stakeholders according to the strength and nature of their linkages. The activities were demonstrated and discussed beforehand to ensure that each individual had a clear understanding of what was expected. Data were recorded through the use of paper graphs, similar to Figures 1 and 2, interaction matrices, and English-speaking rapporteurs were asked to describe the results of focus group activity to ensure clarity. Summary sessions, explaining what had been discussed, and clarifying specific points, were conducted at the end of every section to improve the trustworthiness and reliability of the data. In both the local and national focus group discussions, participants worked in groups before bringing the discussion to debate. Overall, the perception was that the exercises were very useful: many individuals actually mentioned the need to perform these studies internally in the future to understand and improve their own activities in other domains.
The study considers the bias inherent in these workshops held under the CABI banner, thereby possibly distorting participants' view of CABI's position in RAS. Though the mention of CABI was inevitable during the initial workshop introductions, any CABI activity was not mentioned thereafter in order to minimise overrepresentation of CABI and the Plantwise programme. Mentions of CABI should however not solely be seen as bias. CABI-Pakistan is considered an integral part of the country's research and extension services development, interacting with public, semi-autonomous and academic institutions for the last 60 years on a wide range of biological topics, including biological control and integrated pest management (Rehman et al. 2014; Beg and Khan 1982) .
The approach firstly attempts to disentangle this network of stakeholders according to their interactions, a concept akin to the Agricultural Innovation System (AIS) (Atari et al. 2009; Ingram 2008; Klerkx et al. 2006; Manderson et al. 2007 ) that focuses on the interdependence between actors, considered irrelevant if studied individually (Freeman 1987; Lundvall 1992; Nelson and Nelson 2002; Klerkx et al. 2010) . This enables studies to unravel physical structures into systemic and dynamic processes, understand practices and behaviours that create change, and deliver knowledge in a local and national setting (D'Allura et al. 2012; Carvalho et al. 2015) .
The approach also adapts essential network visualisation techniques (Newcombe 2003 ) and enables decision makers to gauge a system's capacity to innovate and progress . They focus on actors' relative influence and interest in decision making activities in the innovation system (Mayers and Vermeulen 2005) to graphically visualise a ranking mechanism given to each participant (Lindenberg and Crosby 1981; Brugha and Varvasovszky 2000; Bourne and Walker 2005; Labarthe 2009 ). They also establish linkage strengths: a weak-ranked interaction was defined as an interaction that is irregular and on an ad-hoc basis, for example between individuals of the two actors, intermediate interactions defined as official and regular meetings between defined individuals, and a strong interaction was described as a situation where different stakeholders pursue specific activities, such as local or national programmes, that build and strengthen the rural advisory service innovation system. Participants were told intermediately ranked interactions are official and regular meetings between defined individuals, and a strongly ranked interaction is defined by stakeholders pursuing specific activities, such as local or national programmes, that build and strengthen their own activities in the knowledge system. Interactions between stakeholder sectors were scored and mapped, although scores should not be compared between national and local workshops, as the number of groups in the workshops differed Data were collated onto Microsoft excel in Pakistan, and cleaned and analysed in the SPSS tm statistical package in the UK. Due to the categorical nature of the dependent and independent variables, the study used cross-tabulated descriptive statistics and binomial Z tests, applied for two independent population proportions (null hypothesis stating no difference between proportion of national responses and the proportions of local responses) correlated with a 5% margin of error.
Results
Both national and local workshop participants listed 25 considerably different stakeholders involved in crop health advisory services (Table 2) . National workshop participants focused on high-level institutions, using 'broad-brush' terms for the majority of stakeholders in other sectors, and only occasionally delved into the detail. They mentioned the importance of semi-autonomous bodies. Local focus groups cited specific individual units, and infrequently broadened the scope. 'Provincial agricultural departments' and 'diagnostic laboratories' in the national workshop, and 'plant doctors' and 'plant clinics' in the local workshops were deemed ambiguous terms as they fulfil various roles, and categorised as 'other'. Stakeholder relationships and their interests/influences provide insights into stakeholders' roles and investments in the innovation system through an intuitive visual representation. The influence/interest (Figures 1 and 2 ) and interaction mapping exercises provided by the different focus groups portray a picture of perceptions of RAS in the Punjab province of Pakistan from a national (Figure 3 ) and local perspective (Figure 4) . 
Public Sector
Public actors mentioned were different in both exercises: in the national workshop, six of the 13 public stakeholders functioned at a national level; the remaining seven were provincial (Table 2 ). In the local workshops, all public stakeholders were part of the provincial administration (agricultural research farms and government nurseries are linked to provincial headquarters). The perception of provincial administrations' preponderance in crop health advisory services is statistically significant (Z = 2.01; p < 0.050). Both sets of participants ranked provincial departments as highly influential and interested in crop health advisory services: PDEAR was perceived by all as the most influential and interested actor, with PDPW, the Provincial Directorate for Agricultural Information (PDAI) and the Provincial Directorate for Agricultural Research (PDAR) decreasing in interest and influence accordingly. Agricultural research farms and government nurseries were perceived as weak. Federal actors, such as the Ministry of National Food Security and Research (MNFSR), were seen as highly interested but of limited influence, or to have both little interest and influence, like PARC (Figures 1 and 2) .
In both workshop settings, public sector interactions comprise a healthy proportion of all interactions in crop health advisory services (73% in the national workshop and 68% in the local one). In the national workshop, public services are mainly linked to community-led enterprise and Non-Governmental Organisations (NGOs) (Figure 3) , whilst in the local workshop, the private sector and the media are its two biggest linkages (Figure 4) . Moreover, in both workshops, PDEAR and PDPW are the highest interacting members of the public services (interacting internally with other members, as well as externally), with the Federal Department of Plant Protection (FDPP_ and PDAI also perceived to have a healthy interaction with surrounding stakeholders. PDAR, government nurseries and agricultural research farms were seen to be fairly disconnected at a local level (Figure 4) . Indeed, in spite of a plethora of research stations (63 currently in operation), contacts between public research and extension departments remain scant. Extension services in Pakistan remain "traditional, using old extension methods, top-down and technology-driven approaches and hardly any female field extension staff are employed. Public extension suffers from a lack of in-service training, mobility means, scant career development opportunities, and grossly inadequate operational funds" (Participant X7, national workshop). Moreover, "the link between PARC, provincial extension and provincial research institutes is strengthening, but there is still a frustrating and recognised communication gap between these institutions and non-public sector stakeholders" (Participant X8, national workshop).
In the women's group, PDAR and PDEAR were considered most interested and influential, whilst private fertiliser dealers and companies were seen as interested but with little influence. The link between the private and the public sector was perceived as strong, similarly to men's groups. The female group believed the provincial extension departments shared their information well with multiple sectors, but recognised that the pest warning and quality control departments need to be more aligned and communicative with other stakeholders in the RAS, particularly the extension department. The female group's beliefs and perceptions were not different to the three other male groups.
Private Sector
In the national workshop, the 'private sector' was perceived to have influence but little interest. The linkages within the private sector are strong, particularly at the national level (as fertiliser and pesticides can be produced by the same company). Their links with other sectors of the RAS were weak, representing approximately 15% of all interactions in the system (the "private sector needs to be more open to collaborating with other sectors, particularly the NGO sector and academia" Participant X9, National workshop). This is in contrast to perceptions of local workshop participants, who identified the five private sector services (Table 2) as interested but largely without influence (excluding pesticide companies who were seen as influential) (Figure 2 ). The private sector is perceived to interact strongly with four of the five other sectors, a statistically different difference to the national workshop perceptions (Z = 5.49; p << 0.05). In the women's group, the private sector had the largest number of links with other sectors. Indeed, in three of the four local focus groups discussions, the link between agricultural extension and the private sector was highlighted as crucial ("the coordination and information sharing linkages need to be cemented in order for the state to have a much stronger regulatory process and improve the quality and safety of pesticides and fertiliser") (Participant X2, local workshop). However, participants believed the collaboration is held back by the fundamental differences in their approach, one focused on social wellbeing, the other on profits ("I don't believe the agrodealers themselves are geared towards profits, the capitalist approach of growth does not help to serve the farmers in the long term, only profits in the short term" (Participant X3, local workshop). The private sector's role in the system has its advantages, yet there are many issues that need to be tackled at the policy level. For example, micro-finance is unregulated, and farmers are confused about its potential use: "it is not easy for small farmers to get credit due to different and often illogical collateral requirements" (Participant X7, national workshop). Moreover, whilst the private sector has been very active for years in the sale of various farm inputs like seed, fertilizer, pesticides, herbicides and farm machinery, their prices are often too high for the average smallholder to profit from their offers. Additionally, "companies work only with their own contracted farmers or those who have informally agreed to follow their instructions in crop production, and the programmes exclude farmers who do not join their extension activities" (Participant X4, local workshop). The motives behind extension support by the private companies are either to obtain good quality raw materials from growers, and/or to enhance the sale of companies' products. Whilst this is not a problem, as farmers also benefit by gaining technical knowledge and skills and enjoying satisfaction of a guaranteed market for their harvest at reasonable prices, the "system is still largely in favour of the major companies" (Participant X10, national workshop).
Semi-autonomous bodies were thought to have little influence and interest but had good links with community level enterprise and public services such as PARC and NARC. In the local workshop, no semi-autonomous bodies were selected.
Non-Government Organisations
National participants perceived 'NGOs and CSOs' to have little interest and influence. CABI was mentioned separately and was seen to have moderate influence and interest. Over half of civil society's links are with the public sector (the second strongest in the entire exercise), and is seen to be connected to community led enterprise and semi-autonomous bodies. However, these are weak. This is corroborated by individual statements: NGOs, "need to be more open and collaborative with the public sector, and understand the private sector's role in the system" (Participant X6, national workshop). A lot of the NGOs' aims "are not aligned with government short-term and long-term strategies" (Participant X6, national workshop) though NGOs and universities are "increasingly discussing diagnostic and publication support for complicated plant health issues, seed and pesticide testing with plant protection departments, and soil and water testing laboratories at the district level" (Participant X7, national workshop). The NGO sector "does work well with community-led enterprise, particularly farmer organisations, but there is not enough knowledge coming out of this interaction for the government to use as evidence to push for reform." (Participant X6, national workshop).
In contrast with the national workshop, local workshop participants listed three specific actors. These were perceived to have moderate interest (CABI perceived to have the highest interest) and influence (apart from the National Rural Support Programme NRSP which has high influence), although it was acknowledged that "NGOs are more focused on the short term compared to other sectors" (Participant X4, local workshop). This sector was better connected than the national workshop perceived (although not statistically significant), as they account for almost a quarter of all interactions. In the case of farmer organisations for example, they are developing better links with the private sector, from a chemical and crop selling perspective, although they need more support from the government.
Community Level Enterprise
National workshop participants defined community level activities with one term: 'farmer/farmer organisations' compared to a more detailed assessment by local workshop participants, who coined three separate terms (Table 2) . Whereas national participants viewed farmer/farmer organisations as highly interested but not influential (Figure 1) , local participants viewed them as highly influential and less interested (Figure 2 ). In the national workshop, community-led enterprise interactions are linked to every other stakeholder group (Figure 3) , compared to the local workshops, where community-led enterprise interactions maintain a strong connection with the private and public sectors, but surprisingly weak elsewhere (Figure 4) . The difference in interaction totals between both workshops is statistically significant (Z = 4.04; p << 0.05). It was stated farmers "mostly interact with each other for best practice information sharing on crop health" (Participant X1, local workshop) and to get benefits from each other experiences. Farmers mainly interact with institutions such as PDEAR and the private sector "which provide technical assistance to the farmers and also input for their crops" (Participant X1, local workshop). Farmer organizations have their own manifesto and rules but mostly lack human resources and an understanding of political and administrative frameworks, so they are heavily reliant on PDEAR and the private sector for their crop health and procurement issues: "Although farmers are a crucial community for the success of this nation, they rely almost exclusively on PDEAR and the private sector for availability of high-quality agricultural inputs, vocational training for smallholder producers, agricultural financing, and access to technology" (Participant X2, local workshop).
Media
National workshop participants labelled media simply through 'print/electronic media', whereas local workshop participants defined media through four terms: 'radio', 'print', 'television' and 'help call centres' (Table 2 ). Both workshops agree that media may not have much interest in rural advisory services, but have moderate influence (apart from television which has low influence).
There is a mild significant difference (Z = 2.12; p < 0.05) between national and local perception of interactions of the media with other sectors in the plant health system as local workshops perceived media to be better connected than national participants. Both workshops agree however that there is a strong interaction with public services (Figures 1 and 2 ).
Academic
Both sets of workshops agreed that the academic sector, defined by the term 'Universities', had low influence and interest in the RAS system, and weak interactions with different sectors. In both workshops, the most important interaction is with the public sector (PDPW in the national workshop and PDAR in the local workshop).
Discussion
This section initially focuses on the approach's ability to highlight key issues in Pakistan as well as on decentralisation processes in general. The discussion then investigates how this approach helps development activities understand their integration into a national or local system.
Highlighting Decentralisation Issues
This approach highlights key decentralisation issues internationally and within Pakistan, such as the strength of sub-federal public services in ensuring RAS: both national and local partners recognised the importance of provincial over federal authorities to carry out specific RAS activities (Mengal et al. 2014) . The perception of the preservation of a top down approach is also representative. In Pakistan, weak/confusing federal direction and communication to provincial administrations, seldom involving local representatives, further fuels the perception of top-down decision-making decentralisation was keen to remove (Gill and Mushtaq 1998; Luqman et al. 2007; Abbas et al. 2009 ). This is important to consider in light of the deficiency of advisory services in smallholder agriculture in Pakistan (Davidson et al. 2001; Davidson and Ahmad 2002; Abbas et al. 2009; Burton et al. 2012) , the increased administrative bureaucracy, and local staff's lack of clarity and low morale in their extension roles (Shahbaz et al. 2011) . In Pakistan, effective and efficient decentralisation as a tool in the governance of natural resources and information flow will only be fully realised when there is engagement with local communities and administrations about local issues (Nagrah et al. 2016; Wahid et al. 2017) . This statement has been taken to heart by some, notably Farmer Services Centers (FSCs). These were developed to engage with local communities in the Kyber Pakhtunkhwa province (Intikhab 2014; Shah et al. 2016) and are fulfilling vital common services, even if there is still room for improvement (Khan et al. 2017; Shah et al. 2016) .
The study also highlights a lack of understanding of roles in crop health advisory services, demonstrated by the over-simplification of certain sectors' identities. For example, local workshop participants dissected the actors in the private sector, distinguishing between companies and individuals; they even separated actors according to industry, highlighting seeds, agrochemicals and fertilisers. National level participants on the other hand, grouped privately owned/run services simply as 'the private sector', and did the same in the NGO and media sectors. This may be for two reasons: firstly, an increased awareness of public sector constraints at the local level due to decentralisation and the importance to address these by collaboration with other sectors, particularly with the private sector (Riaz 2010) . Indeed, public services have been running crop health RAS since Pakistan's independence. That is, until the successful privatisation of agricultural input supplies in the 1970s during the green revolution (Riaz 2010) , which went on to dominate private sector extension activities, offering comprehensive plant protection packages that in some cases cut out the need for the public sector (Davidson et al. 2001) . This situation had its advantages Zhou 2009 ) and limitations (Davidson et al. 2001; Riaz 2010; Khooharo 2008; Ali et al. 2011) .
At the national level, whilst an awareness of sectoral collaboration is not present in the results (as demonstrated by the national workshop's worryingly simplistic grouping of 'private sector'), the situation is nuanced: indeed, certain participants did acknowledge their lack of knowledge openly in the group sessions, especially on the topic of the private and NGO sectors. However, their knowledge focuses on complex national rural challenges, broaching the subjects of semi-autonomous bodies, or microfinance, whose regulatory processes are usually overseen and discussed at the federal level (Hussein 2009 ).
Secondly, this over simplification could be representative of a wider perception problem in Pakistan's institutional governance and communication in multi-sectoral domains. A recent national innovation system study states robust national/local technology transfers, downstream diffusion, and entrepreneurship activities are all vital in order to build and maintain strong collaborations in diverse sectors in Pakistani innovation systems (Ul-Haq et al. 2014) . In crop health, certain national level institutions are equipped to deal with this challenge: The National Agricultural Research Council (NARC) for example set up local and national commercial initiatives to bridge the gaps and deal with the deficiencies in innovation and technology transfer, such as the semi-autonomous 'Pakistan Horticulture Development and Export Company'. Whilst these initiatives are important to the overall federal strategy, they focus almost exclusively on national level issues. This is aptly demonstrated by their absence in local discussions, and pertinently highlights communication and governance issues mentioned above.
These two issues reveal the ambiguity that exists in integrating collaborative approaches most effectively, particularly between local and national settings in the majority of knowledge systems around the world. The insights gleaned from this study are especially important considering current innovation network research and its effect on knowledge (Esparcia 2014) and entrepreneurship (Autio et al. 2014) . Indeed, focusing the attention of theoretical, managerial and policy implications of innovation on a particular domain, crop health, could lead to a change in many national public administrations' simplistic perceptions of different sectoral activities in the future.
Highlighting an Initiative's Position and Durability in a System
The Plantwise programme is focused on developing three main themes in collaboration with federal and provincial authorities at the national and local levels: the field based plant clinic, which gives crop health advice to individual farmers, the online knowledge platforms-namely the open-access Knowledge Bank (www.plantwise.org/knowledgebank) and Plantwise Online Management System (www.plantwise.org/POMS)-and a holistic Plant Health Systems approach, dedicated to improving communication between key sectors in crop health services. The responsibility for the implementation of clinics is usually held at the provincial level due to its field activities, although national partners are generally kept aware of current status. Both online platforms serve both the local and national levels as they register clinic query results for local and national level enquiries; they also provide open access crop health information on continental and national issues. Finally, the plant health system approach also deals with both local and national partners, as it attempts to foster a general collaborative approach on crop health. This methodology could be useful for local and national governance programmes to understand and integrate activities more efficiently. For Plantwise, these results can help programme implementation teams understand local and national actors' goals, influences and interests, enabling stronger and clearer linkages. It would also allow a wider use of comprehensive knowledge platforms such as the Knowledge Bank. The methodology's results are vital for programmes to acknowledge their places in the local and national system in order to continually integrate themselves.
Recommendations for Advisory Services
A cohesive understanding of relationships and roles in crop health advisory services is vital to enable the international, national and local community of actors to design and maintain efficient systems. Indeed, a fragmented understanding and subsequent implementation of stakeholder activities in crop health are limiting the country's ability to provide a service deemed acceptable under global and national pathways to development. Differences highlighted throughout the study were traced back to a lack of awareness and understanding by national participants of the capacity, needs and collaborations of advisory services at the local level. National interests should for example analyse local participants' positive perceptions of the private sector, having been in contact with representatives, including agrodealers, far more often. Knowledge created and implementation activities run locally by NGOs and farmer organisations could also be the subject of a more targeted awareness campaign by the public and private sectors as well. Crop health actors involved in rural advisory services in Pakistan could potentially be well served by investigating perceptions of stakeholders who are located at the other end of knowledge value chain, the end users. In essence, an improved understanding of ground level partnerships for policy strategizing at the federal level needs to be combined effectively with a clear understanding of provincial administrations roles in planning and budgeting responsibilities in order to streamline advisory services.
Approach Considerations
The approach used to investigate the difference in perceptions between local and national stakeholders in the crop health advisory services of Pakistan is innovative in its combination of methodologies, adapting readily available and accessible quantitative tools with low cost qualitative assessment activities. Their use in comparing local and national settings is experimental and subject to the devolution climate in many low-and-middle-income countries. The analysis can be repeated, and their interpretation compared to previous results using the same methodologies (a very similar set of stakeholders would need to be invited in order to reduce bias, or improve replicability of experiment), giving the approach a pragmatic use for development initiative to measure their impact. Finally, this tool was used on a decentralised model. Other models could also compare to test the validity of the method in the future. Moreover, the model is based on perceptions of interested stakeholders, which can sometimes emphasise bias. In order to link to other known approaches in agricultural innovation system debate, more in-depth tools should incorporate national and local social network analyses. Moreover, this approach was keen to investigate perceptions through a gender lens. Unfortunately, it was not possible to conduct such a test. Further efforts with this approach should attempt to incorporate these standards, as Kingiri (2013) does with AIS.
Conclusions
The theoretical construct of a RAS system in the academic literature unfortunately does not translate into practice often enough: whilst it is the scientific community's responsibility to describe and analyse the current RAS outlook, it should also look to build better descriptive and analytical systems that are accessible and available to the non-academic community. This study attempted to develop and test an approach to analyse and understand national and local perceptions of a crop health advisory service system that can be replicated in many different settings, including other countries and other rural advisory knowledge systems. The authors consider this approach an important contribution to the literature as it enables participants to have a detailed yet pragmatic understanding of a knowledge system, analyses perception differences that are usually the basis for political conflicts and power struggles, and forces individuals to reconsider their assumptions on systemic processes. It also gives initiatives, such as Plantwise, an opportunity to analyse the status of their national and local efforts to improve crop health advisory services. Finally, whilst this study could not accommodate gender-disaggregated results, the authors believe it is vital to integrate these types of socio-economic factors in order to get a more comprehensive understanding of RAS.
